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Abstract: Co-seismic displacements of the 2011 Mw9. 0 Japan earthquake recorded by GPS stations in China 
and surrounding areas showed a movement toward the epicenter. The horizontal displacements were up to 1 -
3 em in northeastern China, 3 - 8 mm in the North China, and 2 em in the Korean peninsula. The vertical 
movements in China were small uplifts. 
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1 Introduction 
The Mw9. 0 earthquake that occurred on March 11 , 
2011 in Japan, is one of the strongest in the world 
since 1900. It triggered a colossal tsunami, causing se-
rious damages to several nuclear reactors at Fukushima 
nuclear power station. The hypocenter was 24 km 
deep[!] and located at the junction of the Pacific, Phil-
ippine, Eurasia and North America plates, about 130 
km offshore the Sendai coastline, where the Pacific 
plate thrusts under the lower part of the North America 
plate along a low-angle (less than 15°) fault with a 
convergence rate of about 8. 3 em/ a. 
According to some preliminary studies , the largest 
co-seismic slip was in the range of 28 to 55 me-
ters['-'l. The whole Honshu island moved toward the 
epicenter with a maximum horizontal displacement of as 
much as 5. 24 m or about 2. 4 m on average, and a 
maximum vertical movement of 0. 699 m [ 'l . 
Some previous study showed that Tanlu fault belts in 
eastern China and the Japan Trench belong to the saroe 
tectonic system[' -•l. We wandered how much this 
great earthquake influenced Tanlu fault belt, and thus 
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investigated the co-seismic displacements in China and 
nearby areas. 
2 Far-field co-seismic displacement 
derived from GPS observation 
2.1 Data processing and co-seismic deformation 
model 
CMONC ( Crustal Movement Observation Network of 
China) as a national scientific infrastructure in China 
since 1998, was dedicated to quantify crustal deforma-
tion by using GPS data for seismic-risk assessment. 
This geodetic network consists of 260 continuously op-
erating stations; each with a marker embedded on top 
of a steel-concrete pillar. Each CGPS receiver routine-
ly collects data at fairly high sampling rates of every 1 s 
and 30 s, meeting important basic requirement of ana-
lyzing far-field co-seismic displacements. 
We collected IGS (International GNSS Service) and 
CGPS ( Cooperate Global Positioning System) data be-
tween 5 -day before and 5 -day after the shock in China 
and surrounding areas. All of these GPS data were an-
alyzed with GIPSY/OSIS software developed by JPL 
(Jet Propulsion Laboratory). With the non-fiducial 
precise satellite orbit and clock offset products submit-
ted by JPL to IGS, we solved 3D coordinates and clock 
biases with loose constraints , as well as atmospheric 
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refraction and phase ambiguities. For the date of the 
earthquake ( March 11 , 2011 ) , only data after 6 : 00 
UTC was used. All daily solutions by definition are 
self-consistent, therefore independent of any terrestrial 
reframe because of the non-fiducial approach adopted. 
By using common IGS core sites to our solutions and 
the ITRF system, we rotated the daily free-network so-
lutions onto the ITRF2008 by using a ?-parameter simi-
larity transformation. 
The observed co-seismic displacement D in any di-
rection at a station can be modeled simply as : 
D =y(t;) -y(t0 ) -v(ti -t0 ) -P(t;) (1) 
Where ti for I = 1 · · · N are the daily solution epochs in 
units of days. v( ti - t0 ) is the secular crustal movement 
to be subtracted out. P ( t.) is the offset which might 
be due to post-seismic movements of large aftershocks, 
antenna changes , fluid changes , after slip , and lower 
crust-mantle relaxation, and is usually represented by a 
logarithmic or exponential function; in this paper, the 
third and forth term are neglected. y ( t0 ) and y ( ti ) 
are coordinates at pre-seismic time t0 and post-seismic 
time ti, respectively. 
2. 2 Far-field co-seismic displacement field 
The distribution of the calculated co-seismic displace-
ments is shown in figure 1. It may be seen that this 
great earthquake caused not only dramatic deformation 
in Japan, but also significant co-seismic displacements 
in a wide region outside of Japan, including the north-
eastern and north China as well as the Korean peninsu-
la. MIZU , TSKB , STK2 and AIRA located at some 
Japanese islands also showed co-seismic horizontal dis-
placements of 2. 8 m, 0. 58 m, 2. 7 em and 1. 0 em , 
respectively, as also found by the ARIA team. Almost 
all sites moved toward the epicenter The horizontal co-
seismic displacements were up to 1 -3 em in the north-
east of China ( such as CHAN , HRBN and SUIY) , 3 
- 8 mm in North China and eastern coast of China, 
and 2 em in the Korean Peninsula ( SUWN, DAEJ) . 
The co-seismic offsets in China gradually reduced to 
the detection level of less than 3 mm ( at stations such 
as CHDU, KUNM, LHAS, GUAO) in central and 
western regions of China. MCIL in the Pacific plate 
moves 1. 3 em toward the epicenter. CCJ2 in the Phil-
ippines-Sea plate moves 0. 5 em to the northwest. The 
co-seismic offsets in both far and near fields are con-
sistent with the result of an elastic half-space model of 
a thrust-compression rupture[71 • 
The vertical displacements calculated by ARIA using 
data between 30-minutes before and 30-minutes after 
the earthquake indicated significant subsidence in coastal 
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Figure 1 Co-seismic displacement derived from GPS for the 2011 Japan earthquake( all stations need) 
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areas of Japan, with an maximum value of as much as 
0. 69 m. Our calculated vertical co-seismic displace-
ment at TSKB was 7. 6 em with a downward trend after-
ward, which is consistent with the result given by the 
ARIA team. Almost all stations in Chinese mainland 
showed uplift , but the amplitudes were very small. The 
co-seismic vertical oscillations were caused by the pas-
sage of Rayleigh waves ( Fig. 2 ) ; similar oscillations 
had been observed also during several other underthrust 
marine earthquakes , such as 1964 Alaska and the 
2004 Sumatra. 
3 Displacement waveform from 1 Hz 
GPS data 
Many researches demonstrate that GPS data at 1 s m-
terval could be used to monitor seismic waves[ 8l. We 
analyzed the 1 Hz GPS co-seismic data for the Japan 
earthquake, using data for a 20-minute period with the 
method described in Larson et al [9J and the GIPSY 
software. Figure 2 shows the calculated waveforms for 
sites USU3 , SUIY and BERN in northeastern China. 
These waves were delayed and smaller with longer du-
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ration than the ones recorded nearer the epicenter. 
4 Discussion and conclusions 
The Mw9. 0 Japan earthquake not only influenced Ko-
rean Peninsula , but also caused a 1 - 3 em eastward 
movement in northeastern China. As a result, we 
should pay close attention to the activity of the deep 
large Tanlu fault belt in eastern China [9J , because 
Tanlu and Japanese trench belong to the same tectonic 
unit and earthquakes may be triggered here by domino 
effect. A previous such example is the Sumatra earth-
quake , which was followed by strong earthquakes along 
the Longmenshan fault belt located in the same tectonic 
unit. Although a Ms8. 5 earthquake had occurred in 
the Tanlu fault belt in 1668, there are still some seis-
mic-gaps along the belt under accumulated strain. 
Thus, we should make full use of CMONOC data to 
study the present crustal deformation in and near the 
Tanlu fault belt in hope of detecting some useful anom-
alous deformation, and to strengthen seismic risk anal-
ysis of northeastern and North China. 
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Figure 2 Co-seismic deformation waveform at USU3 , SUIY and HRBN stations 
( the green, red and blue lines represent north, east, and up directions , respectively) 
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